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RESEARCH MEMORANDUM

PERFORMANCE INVESTIGATION OF CAN-TYPE COMBUSTOR
I - INSTRUMENTATION, ALTTTUDE OFERATTOMAY. L.IMITS
AND COMBUSTION EFFICIENCY
By Eugene V. %et‘ble and Willlam P. Cook

SUMMARY

A brief investigatlion of the performence of a single can-type
conbugtor designed for s turbojet engine having a military rating of
4000 pourds thrust at a rotor speed of 7700 rpm end equipped with an
1l-stage axisel-flow compresscor and & single-stage turbine has been
mede. The investigation was conducted to determine: (a) the altitude
operational limlts of the engine for two fuels (AN-F-32 and AN-F-28),
(b) combustion efficiencies at various simlated conditlons of asltitude
and engine speed, (c) combustor-outlet tem,pera,tlme distribution for
several altltudes at constent englne speed, and (d) the combustor
total-pressure drop.

The limlts wilth AN-F-32 fuel were found to be approximately
60,000 feet for an engine speed of 6000 rpm and approximately
38,000 feet for an engine speed of 4000 rpm. The results indicated
that the altitude operational limlte with AN-F-32 fuel are higher
over the largest part of the engline-speed range then with AN-F-28
fuel. A combustion efficlency of 95 percent was obtained at rated
engine speed (7600 rpm) and an altitude of 20,000 feet with AN-F-32
fuels. A change in altlitude from 20,000 to 60,000 feet showed =
20-percent decresse In combustion efficlency while the engine wms
operating at 7600 rpm; whereas, at an englne apeed of 4000 rpm a
change of altitude from 10,000 to 40,000 feel showed a 52-percent
decregse in combustion efficlency.

INTRODUCTION

The combustion processes in Jet-propulsion engines sre adversely
affected by lncreased eltitudes. For any glven engilne speed, there
wlll be & cexrtain altltude above which the engine wlll become limited
because of combustion difficultles, that 1s, the engine will not
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2 NACA RM No. B&F17

operate under thogse conditions of engine speed and altitude that
impose ccumbustion difficulties. ‘The combustor-design characteristics
largely determine these limitations for any given engine. It is
therefore of interest to know, for any given engine, the altitudes

at which the engine will be limited because of combustlon difficulties

over 1lts entire speed range.

The altitude operational limits of & single can~type combustor
designed for a turbojet engine having a military rating of 4000 pounds
thrust at e rotor speed of 7700 rpm and equipped with an ll-stage
axial-flow compressor and a single-stage turbine were obtained at
the NACA Cleveland laboratory. The altitude operationsl limlte of
this combustor were obtained for two fuels, AN-F-32 and AN-F-28.

The combustion efficiencies at various similated conditions of altltude
and engine speed, the combustor-outlet temperature-distribution plots
for several altitudes, and a combustor pressure-drop correlatlion are
also presented.

T™e combustor was commected to the laboratory-air supply, as
disgrammatically shown in figure l. Air quantity and pressure were
regulated by remote-control valves upstream end downstream of the
combustor. The desired inlet-alr temperature was obtalned by the
use of an electric air prehester, which was auntometically regulated
to maintaein s constent inlet-alr temperature.

The combustor-inlet section and the cambustor itself were fur-
nished by the mamufacturer. The combustor-outlet sectlion, which was
fabricated at the Cleveland laboratory, duplicates that of a standard
contemporary engine using a can-type combustor. Two observation
windows axielly located along the combustor made possible the visual
observation of combustion characteristics.

The number and location of instruments at the instrumentation
planes shown in figure 1 are tabulated as follows:

- . |Nomber of Instruments
Type of instrument Instrumentation plane
A B Cc D
One~thermocouple rake 2 | === | 3
Three~tube total-pressure rake 3 RS B oy
Five-tube total-pressure rake -—— ==l 7 ——
Flve~-thermocouple rake —— 7 ——— |-
Static-pressure orifice 1 1 1 1
connectlion
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All measurements were taken at the center of equal areas. Ioca-
tions of the poinbts of measurement at the respective instrumentation
planes are shown in figure 2 and the Instrumentetion detells are shown
in Pigure 3. Temperatures were indicated by self-balancing pobtenti-
omsterg; alr flow was measured by A.S.M.E. square-edge orifices and
fuel flow by a robtameter. All instruments were calibrated. No
attempt was made to correct the thermocouple readings for stagnation
effects. A photograph of the combustor and instrumentation 1s shown
in figure 4.

METHODS

Experiments were conducted on the combustor covering a range of
similated altitudes from 10,000 to 60,000 feet and simuated engine
speeds from 3500 to 7600 rpm.* Cambustor inlet-alr conditions were
meintained for each altitude and engine-speed point selected at
values determined from an englne-performance investigation made in
the NACA Clevelard altitude wind tumnel (reference 1) at zero ram
conditions (fig. 5)e The required operating condltions from refer-
ence 1, the actual test conditions, and the results obtained are
listed in table I. At each altitude and engine-speed point inves-
tigated, an attempt was made to obtein an average combustor-outlet
temperature equal to ar greater than that required for normal engine
operation at that point. For each simlated engine-speed point,
there was an altitude sbove which the required combustor-outlet-ges
temperature could not be obtained. The altitude operational limits
were determined for both AN-F-28 and AN-F-32 fuels. The cambustion
efficiencies over the range of engine operational speeds and altltudes
were determined with AN-F-32 fuel.

RESULTS

The altitude operational limits obiained using AN-F-28 and
AN-F-32 fuels are shown in figures 6 and 7, respecitively, where albtl-
tude is plotted against engine speed. The solid curves separate the
reglon where the combustor-outlet temperatures obtainable were suffi-
clent for normal operation of the can-type combustor from the region
where either the combustor-outlet temperatures obtainable were insuf-
ficient for operation of the engline or where burner blow-out ocourred.
Figure 7(b) includes lines of constant combustion efficlency. The
constant temperature-rise efficiency lines were obitained by Inter-
polating between the date points. The alitltude cperational limlts
using AN-F-32 fuel were found to be approximately 60,000 feet for
an engine speed of 6000 rpm and approximately 38,000 feet for an
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engine speed of 4000 rpm (fig. 7). The results Indicate that the
eltitude operational limite with AN-F-32 fuel are higher over the
largest part of the engline-speed range than with AN-F-28 fuel. The
meximm difference reaches 10,000 feet; however, as the rated engine
speed (7600 rpm) is approached,the difference in limits between the
two fuels is nearly eliminated.

The veriation of the combustion efficiency with altitude for
engine speeds of 4000 and 7600 rpm using AN-F-32 fuel is ghown in fig-
ure 8. Combustlion efficiency is defined as the ratio of the measured
total-temperature rise across the combusto:{ to t1)1e theoretical total-
AT (A - B
temperature rise across the combustor —TE-A—T;——

combustion efficiency of 95 percent wae obtained at rated engine speed
(7600 rpm) and an altitude of 20,000 feet. A change of altitude from
20,000 to 60,000 feet showed a 20-percent decrease in ccmbustion effi-
clency while the engine was operating at a speed of 7600 rpm; whereas,
at an engine speed of 4000 rym a change of altitude from 10,000 %o
40,000 feet chowed a S52-percent decrease 1n combustion effliclency.

(reference 2). A

The effect of the varlation of fuel-alr ratio on combustor perform-
ance at en operating point chosen near the dead-band for AN-F-28 fuel
is shown in figure S.

The temperature distribution at instrumentation plane B-B (fig. 1)
for e similated engine speed of 7600 rpm and representing two simlated
altitudes (50,000 and 55,000 ft) using AN-F-32 fuel is shown in fig-
ure 10. Three temperature-distribution patterns taken at simulated
altitudes of 20,000, 50,000, and 55,000 feet and at a simlated speed
of 7600 rpm using AN-F-28 Tuel are presented in figure ll.

It can be shown from the momentum equation for a constant cross-
sectlional-area combustor thet the total-pressure drop across the com-
bustor expressed as a fraction of impact pressure 1s a linear function
of the ratio of inlet-to-outlet gas densities. 'The inpact pressure
wag calculated at the inlet to the combustor assuming thet the inlet
area was equal to the meximwm cross-sectional aree of the combustor.
When the pressure drop is related to the meximm cross-sectlonal ares
of the combustor, useful comparlsons can be made with the pressure
drop in other combustors of different gecmetry. Figure 12 shows btotal-
pressure drop expressed ss a fraction of impact pressure ATP/q plotted
against inlet-to-outlet density ratio P£,/Pp.

679
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SUMMARY OF RESULDS

From an investigation of the performance characterlstics of a
can-type combustor, the following results were obtalned:

1. The altitude operational limits with AN-F-32 fuel were found
+o be espproximately 60,000 feet for an engine speed of 6000 rpm and
approximately 38,000 feet for an engine speed of 4000 rpm. The
results indicated that the altitude operationel limits with AN-F-32

fuel are higher over the largest part of the engine-speed range
than with AN-F-28 fuel.

2. A combustion efficiency of 95 percent was obtalned at rated
engine speed (7600 rpm) and an altitude of 20,000 feet with AN-F-32
fuel. A change of altitude from 20,000 to 60,000 feet showed a
20-percent decresse in combustion efflciency whlle the engine was
operating at 7600 rpm; whereas, at an engine speed of 4000 rpm a
change of altltude from 10,000 to 40,000 feet showed a S52-percent
decrease in combustion efficlency.

Flight Propulsion Research Isboratory,
Netional Advisory Committee for Aeronautlcs,
Cleveland, Chio.
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TARLE I - SUMMARY OF STATIC PERFORUANCE DATA FOR CAN-TYPE COMBUSTOR

Eg:&}_::::s Required operating conditions? Actual test conditions and results
M Engine [Altltude| Mass | Inlet |Combus- |Combus- [Mass |Inlet |Combus—| Fuel- |Combus- | Average |Temper—
1) |speed (£t) flov | static | tor— tor— flow {statlc |tor- air tor- temper-|ature-
(rpm) (1b/ | pres- |outlet |inlet (1b/ {pres- |outlet | ratio |inlet |ature {rise
sec) | sure average | aversge | sec) {sure average average | rise erfi-
{1n.Bg | tempep= | temper- (in. Hg | temper- temper- | (9F) |oienoy
abso~ | ature ature abso- |ature ature (per=
lute) | {oP) (°r) lute} | (°P) (OF) cent)
1| 4300 | 40,000 | 1.12| 10,5 820 39 1.11 | 10.4 420 |0.0152 3% 3856 0.35
2 | 8000 | 40,000 | 1.29 | 18.4 870 &8 1,30 ] 12.4 627 0107 ed 661 .72
3 | 5000 | 45,000 | 1,04 ] 10.0 870 87 1,00 9.7 616 +0117 67 549 .65
4 | 5500 | 45,000 | 1.20| 11,8 750 7 1.2¢4 | 11.7 897 <0194 0 BO7 « 63
5 | 5000 | 50,000 »82 T.7 870 a8 .82 . 579 0112 67 512 .63
& | 5500 | 50,000 95 8.9 750 o7 «96 B.8 |=—e—uea]| 0158 -
7 | 6000 | 50,000 | 1.06| 10.9 860 130 1.05 | 10.7 966 +0219 120 845 « 57
8 | 6500 | 50,000 | 1.13| 1i.4 1010 162 1,14 | 11.4 1137 L0212 160 a7 « 56
9 | 7800 | 50,000 | 1.26| 18.¢ 1465 240 .27 | 16.9 1464 .p237 238 1228 .18
10 | 5000 | 55,000 » 67 6.4 670 67 .68 8.3 558 .0107 &7 491 +63
11 | 800Q | 55,000 .88 8,3 860 129 .88 B.% 780 .0170 132 848 « 54
12 | 6500 | 55,000 « 93 2.7 1030 182 « 93 0,98 1145 0223 162 983 .86
13 | 7000 | 55,000 .97 | 11,0 1180 196 .98 | 10.6 1111 »0210 106 o1 « 64
14 | 7600 | 55,000 | 1.01 | 12.5 1465 239 1,04 | 12,2 1317 0248 240 1077 .65
15 | 6000 | 60,000 +86 ¢.8 860 130 .68 6.8 886 .0128 136 450 « 50
18 | 6500 | 60,000 « T3 7.9 1010 162 .71 7.7 882 0187 164 Bl& 63
17 | 7000 80,000 75 2.1 1182 198 276 9.1 1068 0838 196 870 « 36
18 | 4000 30,000 1.456 | 14,1 650 34 1.43 | 15,9 767 0168 36 752 +62
19 | 4500 | 35,000 | 1,37 | 13.2 gas 40 1.38 | 131 765 0167 30 716 .60
20 | 7600 | 30,000 | 3.17| 42.1 1440 282 3.12 | 40,0 1838 .022% 251 1385 83
21 | 7000 | 30,000 | 2.98 | 368.0 1200 218 3.04 | 35.8 1741 0249 205 1518 +23
22 | 6000 | 50,000 | 2.58 | 26,9 900 150 2,58 | 27.0 1620 .0280 148 1472 .89
23 | 5000 § 30,000 | 1.96 | 19.1 710 87 1.98 | 19.3 1306 0222 ar 1219 .B1
24 | 4000 | 30,000 l.46 | 1l4.1 850 34 1.45% | 14.2 705 .0140 34 68g 87
25 | 4000 | 35,000 | 1.20| 11,5 600 14 1,20 | 11.5 860 .0139 14 865 +66
26 | 7600 | 40,000 | B.O4 | 27.% 1465 240 1.98 | 28,9 1540 0223 242 1208 .87
27 | 7000 | 40,000 | 1.94 | 23.8 1180 198 1,66 | 23.6 1581 . 0234 194 1387 .88
28 | 6000 | 40,000 | 1.89] 17,6 860 1 1.68 | 17.4 1303 0214 12¢ 1174 .81
29 | 5000 | 40,000 | 1l.20 ) 12.¢ 670 2] 1,50 | 12.4 1116 :0219 64 las] .70
30 | 4800 | 40,000 | 1,12 | 0,5 823 39 1.12 | 1C.4 611 0124 28 583 «85
31 | 4000 | 40,000 «06 0.0 800 14 + 99 .0208 14
32 | 5000 | 45,000 | 1.,04] 10.0 670 a7 1,08 9.9 656 0131 64 592 + 64

649
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33 1 4600 | 45,000 | 0.90 8.5 025 a8 0.91 8,6 753 |0.01B1 44
34 { 7600 | 50,000 | 1.28] 16.9 1485 240 1,26 | 18.9 1559 .0268 240
%6 | 7000 | 50,000 | 1.20| 14,6 1180 198 1.18 | 14.4 1172 «0203 203
36 | 6000 | 50,000 | 1,08 10.9 860 130 1.00 9.9 1177 +0R36 1g8
37 | 600G | B0,000 «82 7.7 670 68 .83 7.6 704 .0208 68
38 | 4800 | 50,000 89 6,6 82b 3% . 69 8,6 |———— | 39
39 | 5000 | 55,000 '| .67 6.4 670 67 + 87 6.2 627 .0193 68
42 | 7600 | 60,000 W76 10.5 1465 240 »76 | 10.5 1333 «0260 240
4] | 7000 | 60,000 +75 9.1 1180 198 v 76 9,2 1138 +0248 185
42 | 6000 | 60,000 «66 6.8 830 130 .66 6.9 1005 .0239 130
43 | 5000 | 60,000 « 50 4.8 670 68 »51 4.8 612 0218 76
44 | 4000 | 20,000 | 2,02| 2.0 740 67 2.02 | 20.7 779 +013 76
45 { 3000 | 20,000  1l.46| 17.1 750 28 1l.46 | 16.9 i 01486 22
46 { 5600 | 80,000 » B9 5.7 750 97 » 50 5.7 |=~—we—=| ,0119 102
47 | 5500 | 65,000 .80 T8 750 97 . 7.3 692 0174 100
45 | 7000 | 55,000 2271 11.0 1180 197 »98 | 10.8 1133 +0220 198
49 | 7600 | 56,000 | 1.04] 12.6 1485 259 1,05 | 12.6 1375 .0269 243
50 | 4000 | 26,000 } 1.76] 17.¢ 700 50 1.77 | 17L& 690 »0120 49
51 | 4000 | 15,000 | 2.38| 24.9 780 83 2,39 | 24.8 752 0113 az
62 | 4000 | 10,000 ] 2.78] 29.1 840 99 2,79 | 29.1 837 +0119 94
53 | 4000 | 40,000 «95 9.0 600 14 .08 8.7 495 0168 14
54 | 4000 | 55,000 { 1.18] 11.6 600 14 1.18 | 11,5 €14 .0162 13
55 | 4000 | 30,000 | 1l.45| 1l4.1 850 34 l.44 | 13.9 679 «0154 34
56 | 4000 ! 20,000 | 2,02 R2l.0 740 a7 2,03 | 20.9 T8 +0121 68
57 | 7600 | 80,000 «76] 10,5 146% 240 77 | 10.4 1412 0254 242
58 | 7600 | 55,000 | 1.00| 1l2.4 1485 24C 1.00 | 18.5 1500 .0265 240
5g | 7800 | B0,000 | 1.26| 16.9 1485 240 1.27 | 16.8 1490 . 0242 238
60 | 7600 | 45,000 | 1.85| 20.7 1465 240 1.64 | 20.8 1506 .0235 238
61 | 7600 | 40,000 | 2.04| 27.3 1465 - 240 2,05 | 7.1 1476 0209 239
62 | 7600 | 35,000 | 2,59 34.6 1463 240 2.60 | 34.7 1489 0807 242
63 | 7600 | 30,000 | 3.17| 42.1 1440 262 3,16 | 42,0 1383 <0181 260
64 | 7600 | 25,000 | 3.88( 3.2 1460 278 3.80 | 50.5 14355 0195 279
65 ] 7600 | 20,000 | 4.57| 6€0.8 1475 299 4,57 | 60,4 1454 .0180 299
66 | 6000 | 50,000 | 1.05( 10.9 860 130 1.068 | 10.8 820 0159 131
67 | 6000 | 50,000 | 1.05| 10.9 860 150 1.97 | 11.0 997 .0191 131
68 | 8000 | 50,000 | 1.06] 10.9 86q 150 1,06 | 10.9 1097 0832 132
69 | 8000 | BO,000 | 1.06| 10.9 860 130 1.06 | 10.7 1178 052 130
70 | 6000 | 50,000 | 1,05| 10.9 860 13¢ 1,06 | 10,9 |~——w——=| ,0263 130
71| 3500 | 30,000 | 1.11 8.0 680 1) .11 8.0 4357 0188 12
72 | 8500 | 60,000 » 71 7.9 1010 162 %75 7.8 1098 <0280 183
73 | 6000 | 60,000 | 1,08| 10.9 860 151 1.08 | 11.0 586 « 0095 131
T4 | 8000 | E0,000 | 1.08] 10.9 880 1s2 1.06 | 11L.0 706 0182 132

*CN WY YIOVN
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loms 1-18, 66-70, 75, and T4 with AN-F-20 fusl; other yune with AN-F-32 fuel.
al‘mn Qlaveland altitode-wind-tunnel investigation, refarence 1.
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Combustor.
Electric~ \_
preheater

Cbservation
windows

- .- Remot e-
control

Figure 1. - Schematic diagrem showing test rig and instrumentation positions used Iin
investigation of can-type combustor.
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0 Total~pressure ftube
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J—L Statlu-pressure orlflce

Figure 2. - Location of

instruments at several

Plane A-B

Plane D~D

N v
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Flve-tube total-pressure Five-thermocoup!e rake
rake

) ) = |
i -

Three~tube total-pressure One-thermocouple rake
rake

I,

.

piameter L
/
l—.wj

S

Statlc-pressure connectlon

Fiqure 3. - Instrumentation details.
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Figure 4. - Photograph of test rig, showing Instrumentation positions.
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Figure 5. - Combustor inlet-alr condaitions and required temperature rise. Nozzle
dlamater, 16% inches; zero ram. (Date from Cleveland altlitude-wind-tunnel
investigation, reference l.)
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13 14
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5 30,000 ¢
£
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~——— Altitude operational
linits
20,000 (o] Required combustor—
outlet temperature
_ obtalnable
A  Required combustor-
outlet temperature
10,000 : not obtalnable
v No combustion obtainable
o L
2000 3000 4000 5000 6000 7000 £000

Engine speed, rpm

Filgure 6. — Altitude operational 1imits for can-type combustor using
E;—F—ZS fuel., Zeroc ram. (Numbers refer .to run numbers in table.T.)
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o Required combustor-cuilet temperature obtainable
YaN Required combustor-outlet temperature not
obtalnable
v No combustion obtainable
~—— Altitude operatlonal limlte
60,000 B3 Be v 72 1*:J-\ A57
39 47 bl \%
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6
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NACA,
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Engine speed, rpm
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AN-F-32 fuel. Zero ram.



Simulated altitude, ft

NACA RM No. E8FI17

(o] Resquired combustor-outlet temperature obtainable
A Required oombustor-outlet temperature not obtainable
v No combustion obtalnable
—— Altitude operational limits
—~— (Combustion efflclenoy
60,000
%0,000
40,000
30,000
20,000
10,000
S
(o]

2000 3000 kooo 5000 6000 7000 8000
Engine speed, rpm

{b)} Comrustion efficiencles. (Kumbers refer to combustiocn
efficiencies.)

Pigure 7. — Concluded. Altitude operstlonal limits fcr can—-type
) comtustor using AN-F-32 fuel. Zero ram.

6L9



NACA

, percent

27, (A -~ B)

Gombuatlon efflclenocy,

RM No. EBFI17 17
Engine speed
(rpm)
=] 7600
o 4000
100 ]
1]
——
‘Th\\‘t o o F—]
L]
80 *“\\\
a
e~ 60 c>\\\\
<
R
- N
20
W
o - L
o 10,000 20,000 30, 000 40,000 50,000 60,000
Simulated altitude, £t
Figure 8, - Effect of variation of altitude on combustion efficlency

in can-type combustor using AN-F-32 fuel.

Zero_ ram.



‘NACA RM No. EBFI7

y
100-percent theoretiocsl ‘
temperature rise ///
/ [
'/
l,‘
1200 ///
<+ Blow-out
A N
s / ~J
- .‘1
& 1000
= /] -5
g /
> /
. /
Q
& 800 ~ 7
Erl
) /
§‘ y
5 S
600 / 4
/
f 4
4oo /’
200
W
o ]
004 008 012 .016 .020 .024 .028

Fuel-air ratio

. _Figure 9, - Effect of variestion of fuel—air ratio on temperature
rise at operating conditions near dead-band in can—-type combustor.

Fuel, AN-F-28; engine speed,
50,000 feet.

6000 rpm;

aimalated altitude,



GI1Y=08d

NACA RM No. EBFI7 (B

400 Tre= |
lSOo 40 —y
1550
y 41615 tisas +1sas

135
1600 oﬁk
IR Tk - +tiseo £ Y
’e
1635 + 3
4. 1650
L1890 302 7700 +isec £

=58 _.-

— %
,‘zo__/ ‘30

» Finas

(2) Simulated altitude, 55,000 feet. W

{(b) Simulated altitude, 50,000 feet.

Figure 10. - Temperature-distribution pettern at instrumentation plane B-B in can-type
combustor using AN-F-32 fuel. ZEngine speed, 7600 rpm.



20

NACA RM No.

(c) Simleted altitude, 20,000 feet.

EBF 17

Figure l1ll. - Temperature-distribution pattern at ingtrumentation plene B-B in can-type

combustor using AN-F-28 fuel. XEngine speed, 7600 rpm.

~In

naALA N



679

tld
¢
a2
-4
-3
g
& % Igothermal
& Thermal
(o)
8
.|§ i
& 20 D +
3 00 DO
g ) el
°
B 15 o 3 Oe
i 50
[+]
! -
g -9
q
& T@?
51 1.5 2.0 2.5 30

Inlet-to-cutlet dsnsity ratio, pA/pB

Figurs 12. ~ Total-presaure drop aocroas cen~type combustor expressed as fraction of impact prossure plotted against

inlet-to-outlet density patio,

"ON WY VOVN

L1de3

1z



